



%LECTRONIC  DEVICES  ARE  SOON  REACHING  THE  PHYSICAL  LIMITS  OF 
MINIATURIZATION AND HENCE NEW CONCEPTS MUST BE DEVELOPED 
4O FACILITATE FURTHER DOWNSCALING OF DEVICES ONEDIMENSIONAL 
SEMICONDUCTOR  NANOWIRES  IS  A  PROMISING  TECHNOLOGY  ;= 
3EVERAL  ELECTRONIC  AND  OPTOELECTRONIC  DEVICES  UTILIZING  THE 
PROPERTIES  OF  ONEDIMENSIONAL  SEMICONDUCTOR  NANOWIRES 
HAVE BEEN DEMONSTRATED DURING RECENT YEARS SUCH AS  LIGHT 




FOR  GROWTH  OF  HETEROSTRUCTURES  ;=  3ILICON  HAS  SOME 
ADVANTAGES  OVER  )))6  MATERIALS  SUCH  AS  A  BETTER  THERMAL 
CONDUCTIVITY  AND BEING A MATURE  TECHNOLOGY  HOWEVER  )))6 
MATERIALS OFFER INTERESTING PROPERTIES FOR HIGH SPEED ELECTRONIC 
AND OPTOELECTRONIC DEVICES INCLUDING HIGH ELECTRON MOBILITY 
AND  WITH  THE  EXCEPTION  OF  'A0  AND  !LBASED  COMPOUNDS 
DIRECT BANDGAPS )N ORDER TO TAKE FULL ADVANTAGE OF THE UNIQUE 
PROPERTIES  OF  THE  NANOWIRES  UTILIZED  IN  SUCH  APPLICATIONS 
OPTIMIZED  PRODUCTION  OF  THE WIRES  THEMSELVES  IS  REQUIRED 
4HE  PRODUCTION  OF  HIGH  QUALITY  EPITAXIAL  NANOWIRES  FOR 
DIFFERENT APPLICATIONS INVOLVES EPITAXIAL GROWTH MEDIATED BY 





3IZESELECTED  GOLD  NANOPARTICLES  CAN  BE  PRODUCED  BY  A 
VARIETY OF METHODS INCLUDING COLLOID CHEMISTRY ;= AND AEROSOL 
TECHNOLOGY  ;=  4HE  ADVANTAGES  OF  GASSUSPENDED  AEROSOL 
PARTICLES  COMPARED  TO  LIQUIDSUSPENDED  COLLOID  PARTICLES 
INCLUDE AVOIDING  SURFACTANTS AND  RESIDUES ON  THE  SURFACE  AS 









AS MORPHOLOGICAL  INVESTIGATIONS OF PARTICLE  SHAPE  )N ADDITION 
THE RESHAPING BEHAVIOR OF THE GENERATED AGGLOMERATE PARTICLES 
FOLLOWING HEATING IN A SPECIAL COMPACTION FURNACE IS REPORTED 
AND  COMPARED  WITH  THE  RESHAPING  BEHAVIOR  OF  AEROSOL  GOLD 















































WAS  USED  TO  PRODUCE  NANOMETERSIZED  AGGLOMERATE  GOLD 






&IGURE  	  4HE  DISTANCE  BETWEEN  THE  ELECTRODES  IS  VARIED 
AUTOMATICALLY  BY  AN  ELECTRIC MOTOR  AND MAINTAINED DURING 
PARTICLE PRODUCTION TO KEEP THE BREAKDOWN VOLTAGE CONSTANT 
!  N& CAPACITOR IS CONNECTED TO ONE OF THE ELECTRODES AND 
CHARGED  BY  A  HIGH  VOLTAGE  SUPPLY  WITH  ADJUSTABLE  OUTPUT 
CURRENT ;= 7HEN THE BREAKDOWN VOLTAGE OF  K6 IS REACHED 
THE CAPACITOR DISCHARGES INSTANTANEOUSLY IN A SPARK ACROSS THE 
ELECTRODE  GAP  CAUSING  MATERIAL  FROM  THE  ELECTRODES  TO 
VAPORIZE 6ERY  SMALL PARTICLES PRIMARY PARTICLES  FORM  FROM 
THIS VAPOR BY HOMOGENOUS NUCLEATION WHICH GROW FURTHER BY 
COAGULATION )N THE ORIGINAL SETUP A STREAM OF ARGON GAS OR AIR 
FOCUSED  BETWEEN  THE  ELECTRODES  TRANSPORTS  THE  PRIMARY 
PARTICLES  FORMED  DUE  TO  HOMOGENOUS  NUCLEATION  OF  THE 





4WO  PARAMETERS  CAN  BE  ADJUSTED  TO  OPTIMIZE  PARTICLE 
GENERATION NAMELY THE SPARK DISCHARGE FREQUENCY THAT CAN 
BE VARIED BETWEEN  AND  (Z AND THE CARRIER ¾OW RATE 




INCREASED  PARTICLE  NUMBER  CONCENTRATION  LEADS  TO  AN 
INCREASED  COAGULATION  RATE  4HIS  MOST  PROBABLY  RESULTS  IN 
PARTICLES WITH A  LARGER MODAL DIAMETER SINCE COAGULATION  IS 




TO  REMOVE  ALL  PRIMARY  PARTICLES  AND  IONS  BETWEEN  THE 
ELECTRODES BEFORE THE IGNITION OF THE NEXT SPARK 4HE EFFECTS 








































4O  ENABLE  SIZE  DISTRIBUTION MEASUREMENTS  RESHAPING  OF 




WERE  PASSED  THROUGH  A  NEUTRALIZER  IN  ORDER  TO  ACHIEVE  A 
REPRODUCIBLE  AND  KNOWN  CHARGE  DISTRIBUTION  OF  PRIMARILY 
UNCHARGED  AND  SINGLYCHARGED  PARTICLES  BY  COLLISION  OF  THE 
PARTICLES  WITH  IONS  FROM  A  BEMITTING  .I  SOURCE  ;= 
! DIFFERENTIAL MOBILITY ANALYZER $-!	 HERE  LABELED $-!  
WAS  USED  TO  SIZESELECT  THE  CHARGED PARTICLES  4HE $-!  A 
STANDARD  INSTRUMENT  IN  AEROSOL  SCIENCE  CLASSI½ES  CHARGED 
PARTICLES  IN  A  GAS  STREAM  ACCORDING  TO  THEIR MOBILITY  IN  AN 
ELECTRIC ½ELD ;= 4HIS MOBILITY IS ROUGHLY INVERSELY PROPORTIONAL 
TO  THE  PARTICLE  DIAMETER  &OLLOWING  SIZE  SELECTION  PARTICLE 
CONCENTRATION  MEASUREMENTS  CAN  BE  DIRECTLY  PERFORMED 
USING AN ELECTROMETER KNOWING THAT EACH PARTICLE THAT PASSES 
THE $-! CARRIES ONE SINGLE CHARGE ROUTE  IN &IGURE 	 OR THE 
AGGLOMERATED  PARTICLES  CAN  BE  RESHAPED  IN  A  SPECIAL 
COMPACTION  TUBE  FURNACE  ROUTE    IN  &IGURE  	  3IZE 
DISTRIBUTION  MEASUREMENTS  OF  THE  AGGLOMERATE  PARTICLES 






OF  THE  RESHAPED  PARTICLES  THE  COMPACTED  PARTICLES  WERE 




THE  SIZE  DISTRIBUTION  FOR  EACH  TEMPERATURE  ;=  THE 
COMPACTION BEHAVIOR OF THE PARTICLES WAS REVEALED
)N  ORDER  TO  ENABLE  MORPHOLOGICAL  INVESTIGATIONS  AND 
NANOWIRE GROWTH EXPERIMENTS AGGLOMERATE PARTICLES AS WELL 
AS  RESHAPED  PARTICLES  WERE  DEPOSITED  ONTO  SUBSTRATES 
PLACED INSIDE AN ELECTROSTATIC PRECIPITATOR %30	 WHICH FOCUSES 
THE  CHARGED  PARTICLES  ONTO  A  COLLECTOR  ELECTRODE  ;= 
SEE  &IGURE  	  4HE  %30  USED  IN  THIS  STUDY  ALLOWS  FOR  THE 




WAS  FOR  THE  EXPERIMENTS  WITH  THE  SPARK  GENERATOR  ON  THE 
ORDER  OF    MINUTES  &OR  MORPHOLOGY  COMPOSITION  AND 
STRUCTURAL  INVESTIGATIONS  TRANSMISSION  ELECTRON  MICROSCOPY 
4%-	 AND 8RAY ENERGY DISPERSIVE SPECTROSCOPY 8%$3	 WERE 
PERFORMED ON PARTICLES DIRECTLY DEPOSITED ONTO LACEY CARBON 
½LM  #U  4%-  GRIDS  &OR  NANOWIRE  GROWTH  EXPERIMENTS  THE 
PARTICLES  WERE  DEPOSITED  ONTO  'A0	"  AND  )N0	" 
SUBSTRATES WHICH  SUBSEQUENTLY WERE USED AS  SEED PARTICLES 
FOR  GROWTH  OF  EPITAXIAL  'A0  AND  )N0  NANOWIRES  BY  METAL 
ORGANIC  VAPOR  PHASE  EPITAXY  -/60%	  ;=  -/60%  IS  A 
STANDARD  METHOD  FOR  THE  FABRICATION  OF  SEMICONDUCTOR 
DEVICES EG  LIGHTEMITTING DIODES  ,%$	 &OR  THE GROWTH OF 
'A0  NANOWIRES  PARTICLES  RESHAPED  AT        AND 
# WITH A PARTICLE DENSITY OF  M OF SUBSTRATE AND ½NAL 
DIAMETER OF  NM WERE USED &URTHER DETAILS OF 'A0 GROWTH 







DISCHARGE  WAS  FOUND  TO  BE  A  RELIABLE  AND  SIMPLE METHOD 
#OMPARED  TO OTHER AEROSOL GENERATION METHODS ESPECIALLY 





WITH  ½XED  CHARACTERISTICS  CONTINUOUSLY  OVER  SEVERAL  HOURS 
INDICATING THE ABILITY OF THE SPARK GENERATOR TO OPERATE IN A 
STABLE  MANNER  DURING  CONSTANT  OPERATION  4HIS  IS  ANOTHER 
ADVANTAGE  COMPARED  TO  THE  EVAPORATIONCONDENSATION 










































HIGH  TEMPERATURE  GRADIENT  4HE  USE  OF  DIFFERENT  SPARK 
DISCHARGE  FREQUENCIES  DURING  GENERATION  OF  PARTICLES  WAS 
OBSERVED TO AFFECT BOTH PARTICLE NUMBER CONCENTRATION AND 
PARTICLE SIZE WHICH IS IN GOOD AGREEMENT WITH PREVIOUS RESULTS 
ON  OTHER MATERIALS  ;    = 7ITH  AN  INCREASE  OF  SPARK 
DISCHARGE  FREQUENCY  THE  CONCENTRATION  OF  PARTICLES 
INCREASED  AND  A  SHIFT  TO  LARGER  PARTICLE  DIAMETERS  WAS 
OBSERVED &IGURE 	 FOR ALL NITROGEN GAS ¾OWS USED 
&OR  A  NITROGEN  GAS  ¾OW  OF    LMIN  THE  PEAK  VALUE  OF 
THE  NUMBER  CONCENTRATION  OF  PARTICLES  INCREASED  FROM 
X  CM  TO  X  CM  WHEN  THE  SPARK  DISCHARGE 
FREQUENCY WAS  INCREASED  FROM    TO    (Z  4HE  PARTICLE 
NUMBER  CONCENTRATION  WAS  OBSERVED  TO  SCALE  LINEARLY  AS  A 
FUNCTION  OF  SPARK  DISCHARGE  FREQUENCY  4HIS  IS  IN  GOOD 
AGREEMENT WITH THE LINEAR SCALING OF MASS CONCENTRATION PER 
TIME  WITH  SPARK  DISCHARGE  FREQUENCY  FOR  GRAPHITE  PARTICLES 












CERTAIN  GAS  ¾OWS  TOGETHER  WITH  CERTAIN  SPARK  DISCHARGE 







2EGARDING  PARTICLE  COMPOSITION  8%$3  MEASUREMENTS 
TOGETHER  WITH  MEASUREMENTS  OF  LATTICE  FRINGES  FROM  HIGH 
RESOLUTION 4%- IMAGES CON½RMED THAT THE GENERATED PARTICLES 
WERE  INDEED PURE GOLD  ALLOWING  FOR  THE GENERAL  DETECTION 
LIMIT  FOR 8%$3 OF   AT  &URTHERMORE 4%-  INVESTIGATIONS 
SHOWED THAT THE USE OF DIFFERENT SPARK DISCHARGE FREQUENCIES 
AND  NITROGEN  GAS  ¾OWS  HAD  NEGLIGIBLE  EFFECT  ON  PARTICLE 
MORPHOLOGY !S CAN BE SEEN IN &IGURE A	 THE AGGLOMERATE 
GOLD  PARTICLES  CONSIST  OF  COLLECTIONS  OF  COMPACT  SPHERICAL 
PRIMARY  PARTICLES  WITH  DIFFERENT  DIAMETERS  $IAMETERS  OF 
PRIMARY PARTICLES BETWEEN APPROXIMATELY  AND  NM HAVE 
BEEN OBSERVED 4HIS MORPHOLOGY DIFFERS NOTICEABLY FROM THE 
MORPHOLOGY  OF  AGGLOMERATE  GOLD  PARTICLES  PRODUCED  BY 
EVAPORATIONCONDENSATION WHERE MORE CHAINLIKE AGGLOMERATE 




BE  NECESSARY  TO  YIELD  COMPACT  SPHERICAL  PARTICLES  /FTEN 




HOWEVER  IS  CONSTRUCTED  FOR  SIZE  SELECTION  OF  SPHERICAL 
PARTICLES  WHICH  RESULTS  IN  A  LESS  MONODISPERSE  PARTICLE 
DISTRIBUTION  FOR  NONSPHERICAL  AGGLOMERATE  PARTICLES  WHICH 
THE  UNTREATED  PARTICLES  ARE  AS  PRODUCED  BY  THE  SPARK 
4%- MICROGRAPHS OF A	 AGGLOMERATE GOLD PARTICLES AND GOLD PARTICLES












































GENERATOR  )N  ADDITION  IT  IS  POSSIBLE  THAT  NANOWIRE  GROWTH 
FROM  LESSCOMPACTED  AGGLOMERATE  GOLD  PARTICLES  SHOWS 
UNFAVORABLE RESULTS AS WILL BE DESCRIBED BELOW ! THOROUGH 
KNOWLEDGE  OF  THE  RESHAPING  BEHAVIOR  OF  THE  PARTICLES  IS 
THEREFORE  CRUCIAL  IN  ORDER  TO  ACHIEVE  OPTIMIZED  GOLD 
NANOPARTICLES  AND  SUBSEQUENT  GROWTH  OF  NANOWIRES  WITH 
KNOWN DIAMETERS  
4HE RESHAPING BEHAVIOR OF GOLD PARTICLES WITH PRESELECTED 
DIAMETERS  OF    NM  AND    NM  IS  PRESENTED  IN  &IGURE   
WHERE THE PEAK PARTICLE DIAMETER OF THE PARTICLES OBTAINED BY 
THE  SECOND $-!  IS  PLOTTED  AS  A  FUNCTION  OF  THE  RESHAPING 
TEMPERATURE  IN THE COMPACTION FURNACE &ROM SUCH GRAPHS 
THE  TWO  DIFFERENT  STEPS  OF  PARTICLE  RESHAPING  NAMELY 
COMPACTION AND INTERNAL REARRANGEMENT ARE EASILY IDENTI½ED 
;=  #OMPACTION  IS  SAID  TO OCCUR  AS  LONG  AS  A DECREASE  IN 
PARTICLE DIAMETER WITH AN INCREASING RESHAPING TEMPERATURE 
CAN BE OBSERVED AND CORRESPONDS TO THE REGION IN THE GRAPH 
WHERE  THE PARTICLE  DIAMETER  DECREASES  4HE  COMPACTION  IS 
COMPLETE  AT  THE  SOCALLED  COMPACTION  TEMPERATURE  4# 
WHERE  NO MORE  SHRINKING  OF  PARTICLE  DIAMETER  TAKES  PLACE 
&OLLOWING 4# INTERNAL REARRANGEMENT WILL OCCUR CORRESPONDING 
TO  THE  REGION  IN  THE  GRAPH  WHERE  THE  DIAMETER  IS  ALMOST 




THAT  PARTICLES WITH  A  LARGER  DIAMETER  HAVE  A  SLIGHTLY  HIGHER 
COMPACTION  TEMPERATURE  COMPARED  TO  PARTICLES  WITH  A 
SMALLER DIAMETER &URTHERMORE THE COMPACTION TEMPERATURE 
FOR METAL PARTICLES SHOULD BE IN THE RANGE OF  TO  OF THE 
BULK MELTING POINT  ACCORDING  TO  THE  SAME  INVESTIGATION BY 
+ARLSSON ET AL ;= 3INCE THE BULK GOLD MELTING POINT IS  
+  THE  COMPACTION  TEMPERATURES  OF    AND    +  AGREE 
WITH THAT PREDICTION AS WELL
/N THE OTHER HAND THE SPARKGENERATED PARTICLES PRODUCED 









MECHANISMS  CAUSED  BY  THE  DIFFERENT  MORPHOLOGY  OF  THE 
AGGLOMERATE PARTICLES $EPENDING ON THE SIZE OF THE PRIMARY 
PARTICLES  THE  COMPACTION  CAN  OCCUR  EITHER  BY  THE  ±SURFACE 
AREA  CHANGE  MECHANISM²  WHERE  THE  PRIMARY  PARTICLES 
COALESCE WITH EACH OTHER OR BY THE ±REARRANGE MECHANISM² 
WHERE  THE  PRIMARY  PARTICLES WILL  UNDERGO  A  REARRANGEMENT 
PROCESS TO COMPACT ;= &OR AGGLOMERATES CONTAINING LARGER 
PRIMARY  PARTICLES  THE  REARRANGE MECHANISM  WILL  DOMINATE 
LEADING  TO  A  LARGER  AMOUNT  OF  SHRINKAGE  WHEREAS  FOR 
AGGLOMERATES  CONTAINING  SMALLER  PRIMARY  PARTICLES  THE 
SURFACE AREA CHANGE MECHANISM WILL DOMINATE LEADING TO A 
SMALLER  AMOUNT OF PARTICLE  SHRINKAGE !S MENTIONED ABOVE 
THE  AGGLOMERATE  PARTICLES  PRODUCED  BY  SPARK  DISCHARGE 
CONSIST  OF  A  GREATER  NUMBER  OF  LARGER  PRIMARY  PARTICLES 
COMPARED TO  THE CHAINLIKE AGGLOMERATE PARTICLES PRODUCED 




RESOLUTION  4%-  ANALYSIS  OF  DEPOSITED  PARTICLES  RESHAPED  AT 
# # AND # WAS PERFORMED &IGURE BD		 
$URING  THE  SECOND  RESHAPING  STEP  INTERNAL  REARRANGEMENT 
THE  PARTICLES  BECOME  EVEN  MORE  SPHERICAL  AS  WELL  AS  LESS 
POLYCRYSTALLINE  BUT  WITHOUT  SIGNI½CANT  CHANGE  IN  MOBILITY 
DIAMETER !S CAN BE SEEN FROM &IGURE B	 ALTHOUGH THE GOLD 
PARTICLES HAVE ALREADY BECOME COMPACT AT # THEY ARE 
STILL  POLYCRYSTALLINE  AND  NOT  COMPLETELY  SPHERICAL  7ITH 




NORMALLY  OBSERVED  ABOVE  THE  MELTING  POINT  OF  THE  BULK 
MATERIAL  4HE  PARTICLE  SHOWN  IN  &IGURE  D	  RESHAPED  AT 
#  A  TEMPERATURE  WELL  ABOVE  THE  MELTING  POINT  IS 
ALMOST  COMPLETELY  SINGLE  CRYSTALLINE  AND  HAS  PRESUMABLY 
BEEN  MOLTEN  4HE  MORPHOLOGY  OF  THESE  PARTICLES  IS  FAIRLY 
SIMILAR TO THE MORPHOLOGY REPORTED BY -AGNUSSON ET AL ;= 
FOR  PARTICLES  PRODUCED  BY  EVAPORATIONCONDENSATION  4HE 
MAJOR DIFFERENCE IN RESHAPING BEHAVIOR THUS APPEARS TO OCCUR 
DURING  THE  ½RST  RESHAPING  STEP  UNTIL  THE  COMPACTION 
TEMPERATURE IS REACHED 




FOR  GROWTH  EXPERIMENTS  OF  'A0  NANOWIRES  2EGARDLESS  OF 
RESHAPING TEMPERATURE ALL PARTICLES WERE OBSERVED TO WORK 
WELL AS SEED PARTICLES FOR EPITAXIAL 'A0 NANOWIRES WHICH CAN 
BE  SEEN  IN  &IGURE  A	  FOR  NANOWIRES  SEEDED WITH  PARTICLES 
RESHAPED AT # .ANOWIRE CHARACTERISTICS SUCH AS SURFACE 








SMALL  AMOUNT  OF  THE  PARTICLES WHICH MAY MAKE  THEM  LESS 
SUITABLE AS SEED PARTICLES FOR NANOWIRES 4HE GROWTH RATE OF 
THE RESULTING NANOWIRES WAS HOWEVER THE SAME AS THE GROWTH 








USED  AS  SEED  PARTICLES  FOR  THE  GROWTH  EXPERIMENTS  OF  )N0 














HIGHER  TEMPERATURES  IN  A  SPECIAL  COMPACTION  FURNACE  THE 
PARTICLES  BECAME  ALMOST  SPHERICAL  AND  NEARLY  SINGLE 
CRYSTALLINE  4HE  RESHAPED  PARTICLES  TURNED  OUT  TO  SEED  THE 
GROWTH OF EPITAXIAL 'A0 AND  )N0 NANOWIRES  IN A RELIABLE AND 
REPRODUCIBLE  WAY  3INCE  THE  RESHAPING  BEHAVIOR  OF  THE 
PARTICLES AND THE NANOWIRE GROWTH PARAMETERS WERE SIMILAR 
TO  THOSE  REPORTED  FOR  AEROSOL  GOLD  PARTICLES  PRODUCED  BY 
OTHER METHODS  IT  SEEMS HIGHLY  LIKELY  THAT THE PARTICLES CAN 
SEED  NANOWIRES  OF  OTHER MATERIALS  AS WELL  )N  ADDITION  THE 
SIMPLICITY OF THIS SETUP INDICATES THE CAPABILITY OF USING IT FOR 
LARGE SCALE PROCESSING OF NANOELECTRONIC STRUCTURES WERE THE 
USE  OF  SEVERAL  SPARK  GENERATORS  IN  PARALLEL  WOULD  ENABLE 
UNIFORM DEPOSITION OF GOLD PARTICLES ONTO LARGE WAFERS 
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